A deflection analysis for seven potential primary mirror materials is presented for loading due to gravitational or external forces. Based on this analysis a finite element model of a plano-plano mirror is 
INTRODUCTION
There are two methods used to reduce primary mirror weight. The mechanical, physical, optical, metallurgical, and fabrication properties of candidate materials can influence their probability of selection /2/, along with a significant impact of cost and availability. Recently, in Canada, aluminum and Zerodur have been selected for reflective telescope mirror fabrication /3/, with beryllium mirrors selected for military applications. By careful selection of the individual components of a composite material system, the physical properties of composites can to some extent be tailored for particular application requirements. As such, there is value to examining composites with good stiffness-to-weight ratios.
By optimizing the geometry and materials selection, the primary mirror best suited for a particular application can be specified. However, if this optimization and selection is performed through prototyping, the time and cost of producing multiple prototype mirrors of various geometry and material is excessive. Therefore, a simple, rapid, and accurate method is needed for the optimization of primary mirror design and materials selection. Given the foregoing, the purpose of the work described in this paper is to develop a finite element model to successfully predict the behaviour of plano-plano mirrors with no light weighting for various candidate mirror materials. The accuracy of the model is established through calibration with interferometric analysis, and subsequently used to examine the benefits of structural light weighting.
MATERIAL SELECTION
The relevant physical properties of six materials frequently used for primary mirrors are listed in Table I 
ANALYSES & RESULTS
To validate the analysis, the results of a finite element 
Finite Element Analysis
The simplified I-DEAS™ finite element model of the plano-plano mirror is shown in Figure 2 . The model Therefore, an element length of 0.5 is applied for all analyses, corresponding to the mesh of 11,305 elements shown in Figure 3 . Three models were constructed for aluminum, Zerodur, and the Mg matrix composite. The resulting top surface central deflection is listed in Table   III .
Interferometric Analysis
Interferometric analyses utilized a Zygo GPI XPS interferometer and a Zerodur mirror. The central load was applied to the centre of the back surface. Figure 4 illustrates the interferometric deflection data for the 
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STRUCTURAL LIGHT WEIGHTING
The first structural light weighting step was to create circular pockets in the back of the mirror -an easy to remove material during manufacture. To evaluate this option a detailed FEA parametric study to examine the effect of multiple circular pockets with variations in pocket depth and diameter is presented. For this analysis, more than 100 lightweight configurations were completed with three to six circular light weighting pockets in a Zerodur mirror. 
Three Circular Lightweight Pockets
Four To Six Pocket Designs
To allow comparison of the various designs, sets of 25 analyses were carried out for each number of pockets, with variation of both the pocket depth and diameter. For all analyses, the finite element models contained approximately 10,000 to 12,000 elements.
From Table V it is evident that as the number of pockets is increased, the deflection at a given mass is noticeably reduced. Also included in Table V is a comparison of two four-pocket designs for which the mass reduction is nearly identical, but the pocket depth and diameter are varied, and as a result the deflection data is significantly different.
Comparison of light weighting through an increase of pocket depth and diameter reveals that fpr the same degree of mass reduction, the increase in deflection that arises due to pocket diameter increase is greater than that when pocket depth is increased. However, there is a limit to the depth of a light weighting pocket, and hence a suitable pocket diameter must be chosen. Table V illustrates this result -comparing two lightweight, four- The advantages of using a smaller pocket diameter are further exemplified by comparison of three-, five-, and six-pocket designs, illustrated in Table V . As the number of pockets is increased, the pocket depths and diameters are adjusted such that the mirrors of Table V experience approximately the same degree of mass reduction, by reducing pocket diameter and increasing pocket depth as the pocket number increases. It can be seen however that while the mass reduction values are similar, the six-pocket design has the smallest deflection at the same loading conditions -the deflection is almost half that of the three-pocket design. Clearly therefore, it is beneficial to increase the number of light weighting pockets in the mirror design.
SUMMARY AND CONCLUSIONS
Finite element analysis and interferometric data indicate that the finite element method can be used to successfully model mirror deflections. The deflection of the mirror centre predicted by FEA deviated <1 μπι from the deflection measured by interferometry.
Using the validated FEA model, parametric mirror light weighting studies have been undertaken. It can be concluded that while both pocket depth and diameter contribute to mass reduction of the mirror, mass reduction through increases in pocket depth are more advantageous than increases in pocket diameter, as this results in greater mirror stiffness for the same mass reduction. Also, an increase in the number of light weighting pockets for the same mass reduction has less impact on the optical mirror performance.
